Abstract -Acoustic resonance spectra were obtained experimentally for steel spheres and cylinders with hemispherical endcaps by acoustic backscattering (for cylinders: with both axial and oblique incidence). They were interpreted theoretically by surface wave propagation with phase matching over a closed path.
-INTRODUCTION
The character of an elastic object immersed in water can be extracted form its acoustic scattering signal analytically /l/ and experimentally /2-4/. In the present study, the echo amplitudes and acoustic resonance spectra for steel spheres and cylinders with hemispherical endcaps were obtained by numerical (gated Fourier) processing o£ experimental data from backscattered waves.
Sinusoidally modulated short pulses were incident in the axial direction and in discrete oblique directions for the finite cylinders. Resonance frequencies were extracted from the return echoes, and were interpreted by the phase-matching of surface waves propagating along closed paths.
-RESONANCES ESTIMATED BY PHASE-MATCHING METHOD
(a). In case of axial incidence, a resonance condition based on the phase-matching principle as formulated by Uberall et al /5/ is used to estimate the resonances of elastic prolate spheroids and cylinders with hemispherical endcaps:
where n is an integer, and the term 1/2 is caused by phase jumps when the surface waves pass the two focal points. The quantity k» is the propagation constant of the^-th surface wave mode and it varies along the path as the surface curvature varies. For the cylinder with hemispherical endcaps, the resonance condition simplifies to:
where are the propagation constants of the surface wave on the cylinder and on the sphere, respectively. L,a are length and radius of the cylinder, respectively.
(b) In general, for a smooth convex object resonant under the incidence of an acoustic wave, the resonance conditions based on phase matching of surface waves can be summed up as:
(i) The circumnaviagation paths of the surface wave are closed.
(ii) The phase matching condition is satisfied on the closed surface paths.
Résume -Nous avons obtenu les spectres expérimentaux des résonances acoustiques sur des sphères d'acier, et des cylindres d'acier terminés par des hémisphères. Les spectres étaient obtenus par rëtrodiffusion acoustique, avec l'incidence ou axiale ou oblique dans le cas des cylindres. Nous avons interprété" théoriquement les spectres par la propagation des ondes de surface, en donnant un accord de phase sur un chemin de passage ferme'.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19902101 (iii) There are a set of surface wave paths with a similar closed shape, therefore the phase matching can be satisfied simultaneously.
In case of non-axial incidence, conditions (i) and (iii) are usually not satisfied except at some special incident angles. One example is shown in 
R . . . &
an lnflnlte cyllnder /6,7/.
-RESULTS AND DISCUSSION
(a) Fig. 3 shows the observed pulse sequence in the echo from an 18mm-diameter steel sphere. The first echo pulse is the specular-reflected wave. Beginning from the second echo pulse, there appears a pulse sequence related to the 1 = 1 mode, namely the Rayleigh surface wave. The 1 = 2 mode and internal reflection pulses can not be seen Fig. 3 -Backscattered pulse series from an 18mm-diameter steel sphere in water. clearly. The resonance spectrum is obtained by removing the first echo pulse from the echo waveform and by data processing. In Fig. 4 , the normalized amplitude spectrum (the "form function'?) and the resonance spectrum are shown over a broad region by employing steel spheres with different diameters. The results show that the resonance peaks basically coincide with the eigenfrequencies which are predicted theoretically (as indicated on the center scale) for the , t ? = 1 mode.
(b) Results for the steel cylinder with hemisperical endcaps are as follows. For the case of axial incidence the echo pulse sequence is shown in Fig. 5 . As seen from the indicated theoretical predictions, there appear echo pulses related to the Rayleigh wave starting from the third echo pulse. The second echo pulse, caused mainly by geometrical internal reflection and by the surface wave of the 1 = 2 mode, is quite strong. In data processing for obtaining the resonance spectrum, the first one and the first two echo pulses were removed, respectively. As shown in Fig. 6 , clear resonance peaks appear only when the first two pulses are removed in data processing. The results indicate that for the case of axial incidence, the resonances of a capped cylinder can be successfully extracted experimentally using short pulses.
(6) For the case of non-axial incidence, the possible resonance modes based on the phase matching of surface waves at some special incident angles were predicted and are compared with the experimental results. The agreement is not as good as in the case of axial incidence. As mentioned above, for oblique incidence the resonance conditions related to phase matching of surface waves are not perfectly satisfied. Perhaps this is one of the reasons for the mentioned partial disagreement. 
